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Relationship of the Surface Electromyography in Masticatory Muscles with the
Vertical Facial Patt erns and Orthodontic Tooth Movement
Abstract
Introduction: Controversy about the relationship among masticatory muscles, craniofacial morphology
and the orthodontic anchorage preparation has not yet been clarified in the literatures. The purpose of
this study was to evaluate whether the vertical facial patterns and masticatory surface electromyography
(sEMG) influence the molar anchorage and characteristic orthodontic tooth movement. Methods:
Subjects for this study comprised 18 patients with a mean age of 23.7 years who had completed
orthodontic treatment with therapeutic symmetric extraction. The sEMG data were acquired at the time of
bracket debond. The sEMG of anterior temporalis and masseter muscles were recorded during the rest
position and in functional positions. Lateral cephalograms were taken before and after treatment, and the
tracings were superimposed to assess orthodontic tooth movement and changes in cephalometric
variables. Results: The horizontal movement of upper first molar was 1.77± 1.68 mm, the vertical
movement of upper first molar was 0.29 ± 1.06 mm, the horizontal movement of lower first molar was
1.27 ± 0.88 mm, and the vertical movement of lower first molar was 2.10± 1.88 mm. Vertical movement
of all upper and lower incisors and first molars were positively correlated to change in facial height. The
vertical movement of upper first molar was also positively correlated to initial occlusal angle, and the
vertical movement of lower incisor is positively correlated to the change of occlusal plane angle. The
sEMG activity in masseter muscles was higher in more vertical and sagittal movements of molars, except
greater temporalis sEMG activity at habitual intercuspitation had less vertical movement in upper molars.
Conclusion: The sEMG activity in masseter muscles was higher in patients with more vertical and sagittal
anchorage loss, whereas greater temporalis Semg activity at habitual intercuspitation related with better
vertical control in upper molar. Patients with moderate sEMG activity in masticatory muscles had better
control in molar anchorage. Vertical control of upper molars is the key factor related to facial height.
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Introduction: Controversy about the relationship among masticatory muscles, craniofacial morphology
and the orthodontic anchorage preparation has not yet been clarified in the literatures. The purpose of this
study was to evaluate whether the vertical facial patterns and masticatory surface electromyography (sEMG)
influence the molar anchorage and characteristic orthodontic tooth movement. Methods: Subjects for this
study comprised 18 patients with a mean age of 23.7 years who had completed orthodontic treatment with
therapeutic symmetric extraction. The sEMG data were acquired at the time of bracket debond. The sEMG of
anterior temporalis and masseter muscles were recorded during the rest position and in functional positions.
Lateral cephalograms were taken before and after treatment, and the tracings were superimposed to assess
orthodontic tooth movement and changes in cephalometric variables. Results: The horizontal movement
of upper first molar was 1.77± 1.68 mm, the vertical movement of upper first molar was 0.29 ± 1.06 mm,
the horizontal movement of lower first molar was 1.27 ± 0.88 mm, and the vertical movement of lower first
molar was 2.10± 1.88 mm. Vertical movement of all upper and lower incisors and first molars were positively
correlated to change in facial height. The vertical movement of upper first molar was also positively correlated
to initial occlusal angle, and the vertical movement of lower incisor is positively correlated to the change
of occlusal plane angle. The sEMG activity in masseter muscles was higher in more vertical and sagittal
movements of molars, except greater temporalis sEMG activity at habitual intercuspitation had less vertical
movement in upper molars. Conclusion: The sEMG activity in masseter muscles was higher in patients with
more vertical and sagittal anchorage loss, whereas greater temporalis sEMG activity at habitual intercuspitation
related with better vertical control in upper molar. Patients with moderate sEMG activity in masticatory muscles
had better control in molar anchorage. Vertical control of upper molars is the key factor related to facial height.
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orthodontic treatment by the same orthodontist from

INTRODUCTION

2009-2012 at Chang Gung Memorial Hospital (Taipei,

An efficient orthodontic treatment could be achieved

Taiwan) were selected. The selection criteria were as

by stimulating the active tooth movement and controlling

follows: (1) patients with minimal growth potential, (2)

the anchorage adequately. Anchorage, resistance to

patients received full mouth orthodontic treatment with

unwanted tooth movement, is a major concern in every

extraction of at least 2 upper premolars, (3) no previous

extraction orthodontic treatment. Anchorage loss could

temporal anchorage device (TAD) application nor surgical

be described as a multifactorial response in relation to

orthodontic treatment history, (4) no symptoms of

the extraction site, appliance type, age, crowding, and

temporomandibular joint or jaw-muscle disorders, (5) no

overjet. Unexpected anchorage loss, less space closure

facial deformities and no history of maxillofacial surgery

1

2

3

used for retraction of anterior segments, is a potential
side effect and could cause inadequate and unsatisfied
treatment result. Various techniques and devices have
been proposed to reinforce anchorage, and clinicians
throughout years have made efforts to find biomechanical
4

solutions to control anchorage.

The anchorage control discussed from the aspects
of the tissue reaction generated by force system and
the interaction among the orthodontic force system,
forces generated by mastication has not yet been clearly
clarified. Some studies only focus on the relationship
of craniofacial morphology and masticatory muscle
activity, and few discussed extensively on the sagittal and
vertical movement of the anchored teeth.

2,5-8

Although

good interdigitation of the buccal teeth, masticatory
performance, and vertical facial pattern that clinically
believed to contribute in preventing anchorage loss could
not be proved by the literatures.
The purposes of this study were to evaluate the
relationship among vertical facial patterns and the
masticatory activity influence on the molar anchorage and
dental movement.

MATERIAL AND METHODS
Patients

or jaw injury, (6) no loss data. The sagittal relationship
was divided into skeletal Class I group (0° < ANB < 4°),
Class II group (ANB > 4°).

Measurements and variables
We used pre-treatment (T1) and post-treatment (T2)
lateral cephalometric radiographs and data of surface
electromyography (sEMG). The sEMG data were acquired
at the time of bracket debond. Lateral cephalograms were
taken in the centric occlusion with reposed lips. The
sagittal and vertical differences between the maxillary and
mandibular apical bases were measured with ANB and
mandibular plane angle (SN-GoMe). 18 landmarks and
5 reference planes (S-N plane, F-H plane, palatal plane,
occlusal plane, and mandibular plane) were traced on the
cephalometric radiographs using acetate paper and 0.5mm pencils. To define the similarities and differences
between the groups, 21 parameters were measured. All
measurements were calculated to the nearest 0.05.
Molar anchorage loss was determined by superimposing
the lateral cephalometric tracings before and finish. For
the maxillary measurements, the lateral cephalometric
tracings taken before and after treatment were
superimposed along the palatal plane registered at
9

anterior nasal spine. In addition to the superimposition,
the horizontal distance from pterygoid vertical (PPV)

In this retrospective cohort study, 18 patients (3

to the distal surface of the first molar on both sides was

males and 15 females) aged 16.0 to 36.3 years (mean,

calculated to measure anchorage loss. For the mandibular

23.7±5.0 years) who received symmetric extraction

measurements, the tracings were superimposed by
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registering on the best fit of the anterosuperior border

received four premolar extraction treatment and 2

of the chin, the inner cortical structures of the inferior

received only upper two premolars extraction treatment.

surface of symphysis, and the mandibular canal. The

Anthropometric and sample characteristics were shown in

horizontal distance from sella vertical to the distal surface

Table 1. The correlation of cephalometric variables related

of the first molars on both sides was also calculated. The

to molar and incisor movements were presented in Table 2.

sEMG of temporalis anterior (TA) and masseter muscles

Samples were separated into 8 groups according to

(MAS) were examined by surface EMG machine (Zebris

the vertical(V) and horizontal(H) movements of upper

EMG 4, Zebris GmbH, Isny im Allgäu, Germany) for each

and lower first molars (U6, L6): Group 1 (Gr1), extrusive

patient. The records were obtained in the rest position and

vertical movement of U6 ; Group 2 (Gr2), intrusive

in functional positions (habitual intercuspitation, bite on

vertical movement of U6; Group 3 (Gr3), horizontally

cotton pads) and maximum muscle firing.

forward equal or more than 2.0 mm of U6; Group 4 (Gr4),

10

11

12

Statistical analysis
All statistical analysis was performed with a
statistical package SPSS (version 17.0; SPSS, Chicago,
Ill). All descriptive statistics are presented as means and
standard deviations. An independent t test was used to
verify the difference between the mean values of the 2
groups. The intergroup differences of variables at each
time points and the changes between time points (Δ, T1
vs. T2) were compared with Mann-Whitney U test. The
Pearson correlation test was used to determine correlations
between the variables of lateral cephalometric variables
and molar and incisor movements. Statistical significance
was determined at the 5% level of confidence. The level
of significance was set at p <0.05.
This study followed the Declaration of Helsinki on
medical protocol, and the institutional review board of
Chang Gung Memorial Hospital approved the study. (IRB
No.:201700099B0)

RESULTS

forward less than 2.0 mm of U6; Group 5 (Gr5), extrusive
vertical movement of L6 equal or more than 1.5 mm;
Group 6 (Gr6), extrusive movement of L6 less than 1.5
mm; Group 7 (Gr7), horizontally forward equal or more
than 2.0 mm of L6; Group 8 (Gr8), forward less than 2.0
mm of L6. Mean horizontal and vertical movement of U6
was 1.77± 1.68 mm and 0.29 ± 1.06 mm separately, the
mean horizontal and vertical movement of L6 was 1.27 ±
0.88 mm and 2.10± 1.88 mm separately.
The cephalometric variables correlated to all groups
were listed in Table 3-6. Vertical movement of upper first
molar was significantly correlated to L6MP (T1), L6MP
(T2), Δ N-Me, ΔU1 V, ΔU6 H and ΔL1 V; Horizontal
movement of upper first molar was significantly correlated
to L1 H (T2) and ΔU1 H. Vertical movement of lower
first molar was significantly correlated to U1 H (T2) and
ΔU6 H; Horizontal movement of lower first molar was
significantly correlated to ΔU6 V.
The sEMG analysis under relaxation, habitual
intercupitation, bite on cotton pad, maximum muscle
firing (Figure 1-4). The sEMG activities in masseter

All the 18 patients were initiated with different

muscles were higher in patients with more vertical and

malocclusions: 8 Class I malocclusion, 5 Class II

sagittal anchorage loss (Gr1, Gr3, Gr5, Gr7) except greater

subdivision malocclusion, and 5 Class II malocclusion

temporalis sEMG activity at habitual intercupitation had

(1 Class II division 2 malocclusion). Sixteen patients

better vertical control in upper molar (Gr2).
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Table 1. Anthropometric characteristics of subjects
Total
Sex, n (%)
Male

3 (16.67)

Female

15 (83.33)

Age (y)

23.7 ± 5.0

Age range (y)

16.0-36.3

Initial occlusion (N)
Class I

8

Class II subdivision

5

Class II

5 (include 1 Class II division 2)

Premolar extraction (N)
Four

16

Two

2

Table 2.	Cephalometric variables correlated to vertical (V) and horizontal (H) movements of upper and lower first
molars (U6, L6) and incisors (U1, L1)
Movement

Correlated cephalometric variables
Positive correlation

Negative correlation

U1 V

ΔN-Me*

--

U6 V

SN/Occ (T1)*, SN/MP (T1, T2)*, ΔN-Me**

--

U1 H

--

SN/Occ (T2)*

U6 H

--

--

L1 V

N-Me (T2)*, ΔN-Me**

ΔSN/Occ*

L6 V

ΔN-Me*

--

L1 H

--

--

L6 H

--

--

Pearson correlation analysis, *p< 0.05, **p< 0.01
Occ is the abbreviation of occlusal plane.

Table 3. Cephalometric variables related to vertical movement of upper first molars.
Gr 1 U6 Extrusion (n=10)

Gr 2 U6 Intrusion (n=8)

Mean U6 extrusion 1.08 (mm)

mean U6 intrusion 0.70 (mm)

L6MP (T1)

34.89 (mm)

32.85 (mm)

0.020*

L6MP (T2)

36.38 (mm)

33.83 (mm)

0.021*

Δ N-Me

1.88

-0.15

0.004**

Δ U1 V

0.36

-1.06

0.023*

Δ U6 H

2.07

1.38

0.000**

Δ L1 V

-0.95

-3.17

0.013*

Variables

p value

Mann-Whitney U test was performed. * p< 0.05, **p< 0.01
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Table 4. Cephalometric variables related to horizontal movement of upper first molars.
Gr 3 mesial movement more
than 2.0 mm (n=7)

Gr 4 mesial movement less than
2.0 mm (n=11)

Mean sagittal movement:
3.48 (mm) mesial movement

Mean sagittal movement:
0.67 (mm) mesial movement

L1 H (T2)

65.51 (mm)

60.71 (mm)

0.041*

Δ U1 H

-3.42 (mm)

-7.33 (mm)

0.021*

variables

p value

Mann-Whitney U test was performed. *p <0.05, **p <0.01

Table 5. Cephalometric variables related to vertical movement of lower first molars.
Gr 5 L6 Extrusion more than

Gr 6 L6 Extrusion less than

1.5 mm (n=8 )

1.5 mm (n=11)

Mean L6 extrusion 2.10 (mm)

mean L6 extrusion 0.60 (mm)

U1 S (T2)

48.75

45.75

0.033*

ΔU6 S

2.63

1.07

0.041*

ΔN-Me

1.51

0.55

NS

ΔL6 S

2.68

1.64

NS

variables

p value

Mann-Whitney U test was performed. * p <0.05, **p <0.01, NS p>0.05

Table 6. Cephalometric variables related to sagittal movement of lower first molars.
Gr 7 mesial movement more
than 2.0 mm (n=11)

Gr 8 mesial movement less than
2.0 mm (n=7)

Mean sagittal movement: 3.25
(mm) mesial movement

Mean sagittal movement: 0.30
(mm) mesial movement

ΔN-Me

1.22

0.60

NS

ΔU6 V

0.71

-0.38

0.033*

ΔU6 S

2.16

1.14

NS

variables

p value

Mann-Whitney U test was performed. *p <0.05, **p <0.01, NS p >0.05
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Figure 1. The comparison of EMG analysis of right and left temporalis anterior (RTA,
LTA) and right and left masseter muscles (RMAS, LMAS) under the rest position, habitual
intercuspitation, bite on cotton pad, maximum muscle firing between group 1 and group 2.

Figure 2. The comparison of EMG analysis of RTA, LTA, RMAS, and LMAS under the rest
position, habitual intercuspitation, bite on cotton pad, maximum muscle firing between group 3
and group 4.
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Figure 3. The comparison of EMG analysis of RTA, LTA, RMAS, and LMAS under the rest
position, habitual intercuspitation, bite on cotton pad, maximum muscle firing between group
5 and group 6.

Figure 4. The comparison of EMG analysis of RTA, LTA, RMAS, and LMAS under the rest
position, habitual intercuspitation, bite on cotton pad, maximum muscle firing between group 7
and group 8.
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including masticatory performance, mandibular movement

DISCUSSION

during mastication and the effort of masticatory muscles

The present study emphasizes the importance of this
association to understand the movement of anchored teeth

8

required for chewing. The sEMG activity existed
different pattern in mandibular rest position, but similar
7,21

during orthodontic treatment and vertical facial pattern

in maximum voluntary clenching (MVC).

Controversy

to the masticatory muscle activity. Our result indicated

seems to be due to differences in criteria for sample

that the sEMG activity in masseter muscles was higher

selection, such as skeletal or dental classification, age,

in patients with more vertical and sagittal anchorage

sample size, and individual variation in the masticatory

loss, except greater temporalis sEMG activity at habitual

muscle activity.

5,8,15,20

intercuspation had better vertical control in upper molar.

According to our study, poor vertical upper first

With the good vertical control in upper first molar during

molar anchorage control would significantly increase

orthodontic treatment, the treatment outcome could

anterior facial height, vertical movement of upper and

present a greater upper and lower incisor intrusion, less

lower incisors, and horizontal anchorage loss of upper

mesial movement of upper first molar. With the good

molars. Therefore, it is very important to control upper

sagittal control in upper first molar during orthodontic

first molars not only horizontal but also vertical anchorage

treatment, the treatment outcome could present a greater
upper and lower incisor retraction. With the good vertical
control in lower first molar during orthodontic treatment,
the treatment outcome could present less upper incisor
vertical height after treatment and less mesial movement
of upper first molar. With the good sagittal control in
lower first molar during orthodontic treatment, the
treatment outcome could present better vertical control of
the upper first molar.
The relationship among vertical facial pattern,
mastication, and anchorage control is not well established
8

in the literatures. Some studies reported the vertical
facial pattern would not affect mesial movement of molar
5,13-14

neither the mastication function,

while others studies

showed significant poorer masticatory performance,
especially masseter muscles, among dolichofacial
individuals.

8,15-18

Serrao et al. observed shorter vertical

craniofacial pattern tended to present higher bite force
and higher levels of muscular activity during maximum
19

in cases required more upper anterior retraction and less
increase of anterior facial height, especially in Class
II division 1 malocclusion with hyperdivergent facial
pattern. Additional appliances, such as high pull headgear,
transpalatal arch or temporary anchorage devices, should
be taken into consideration to reinforce both vertical and
horizontal anchorage, and achieve better treatment result.
Although the limitation of this study was a relative
small sample size, but the present study is one of the few
studies which linked of the relationship among the three
factors, vertical facial patterns, sEMG, and anchorage all
together. Taking the vertical facial patterns and sEMG
results into consideration during orthodontic treatment
planning would be of great importance and would be a
way to personalize the orthodontic treatment according to
the functional features of each facial type.

CONCLUSIONS

clenching. Custodio et al. reported dolichofacial subjects

1.	The sEMG activity in masseter muscles was higher in

with higher electromyographic temporalis activities, and

patients with more vertical and sagittal anchorage loss,

brachycepahalic subjects with higher electromyographic

except greater temporalis sEMG activity at habitual

masseter activities.

intercuspitation had better vertical control in the upper

20

Gomes et al. used sEMG and

concluded the facial patterns do affect mastication,
Taiwanese Journal of Orthodontics. 2017, Vol. 29. No. 2
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2.	Patients with moderate sEMG activity in masticatory
muscles had better control in molar anchorage.
3.	Vertical control of upper molars is the key factor related
to facial height.
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